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PROTEIN THROMBOKINASE AND LIPOID
THROMBOPLASTIN AS DISTINCT FACTORS WITH
COMPLEMENTARY FUNCTIONS*
J. H. MILSTONE
Two classes of biologic agents can accelerate the production of thrombin
from partially purified prothrombin. One class is well represented by
platelets, the other by a factor obtainable from the plasma globulins. Repre-
sentatives of both classes are found not only in blood, but also in crude
tissue extracts. These two classes of agents are distinct; and they serve
different functions in the clotting process.
The two groups of factors as studied in this laboratory"'18 correspond
essentially to two old factors; and these factors will be called by their old,
familiar names.
When Morawitz" introduced the term "thrombokinase" in 1904, he
likened the activation of prothrombin by thrombokinase to the activation of
trypsinogen by enterokinase. Pursuing this analogy, he considered the
possibility that thrombokinase, like enterokinase, was an enzyme. Moreover,
he explicitly recognized that thrombokinase was available in ordinary oxa-
lated plasma.'2 Several further inferences made by Morawitz may or may
not have been correct; nevertheless, his brilliant theory cannot be ignored.
And it would be hard to deny that a basic property for defining thrombo-
kinase, as conceived by him and as construed by later authors, was its
capacity to activate prothrombin.
When Nolf'" introduced the term "thromboplastic substances" in 1908, he
considered these substances to be "only adjuvants." He did not propose that
they activated prothrombin. In 1911-1912, Howell"' specifically denied
that thromboplastin was a direct activator of prothrombin; and he further
stated ". . . thrombokinase in the sense used by Morawitz does not
exist...." To Howell, thromboplastin was a factor found in preparations
of brain cephalin and in platelets; and it functioned by "neutralizing" anti-
thrombin. In 1935, Howell" reiterated these views, but identified the anti-
coagulant as heparin rather than antithrombin. After thromboplastin has
disposed of heparin, "prothrombin is activated to thrombin by calcium
without the cooperation of an organic kinase."
Thrombokinase and thromboplastin, originally conceived so differently,
have sometimes been treated as if they were identical. There have been
many reasons. The problem has long been obscured by a haze of unproven
assumptions. Perhaps the most misleading of these has been the notion that
*From the Department of Pathology, Yale University School of Medicine. Aided
by a contract from the Office of the Surgeon General, Department of the Army.
Received for publication April 3, 1952.YALE JOURNAL OF BIOLOGY AND MEDICINE
one may define a factor simultaneously as "the tissue factor" and as "the
prothrombin activator," without first proving that "the tissue factor" is
"the prothrombin activator" and without appreciating that at least two
different factors can be obtained from crude tissue extracts. If clotting
factors were defined primarily in terms of their biochemical function, with-
out reference to the unsettled "tissue factor" problem, thrombokinase could
not be confused with Howell's thromboplastin.
Because this is the crucial point in need of clarification, it seems desirable
to give a detailed report of experiments which reveal several contrasts
between the two agents. The results show that protein thrombokinase and
lipoid thromboplastin are distinct factors, with different functions.
MATERIALS AND METHODS
Buffer. 0.9 per cent NaCl: 0.02M veronal, pH 7.4,'5 ionic strength 0.174.
Ca. 25 ml. 0.11M CaCl2 plus 75 ml. buffer.
0.057 Oxalate. 0.057M K2C204, ionic strength 0.17.
1.0AM Oxalate: 0.1M Phosphate. K2C204 + H20 18.40 Gm.
K2HPO4 (Anhydrous) 1.74 Gm.
HCl 0.1N 15.0 ml.
Distilled Water to 100.0 ml.
Ionic strength 3.285, pH 7.34 (glass electrode).
Prothrormbin (Prothrombin preparation III). The procedure for prothrombin
preparation II was followed, up through the precipitation at pH 4.4.18 Then the precipi-
tate (instead of the supernatant as for preparation II) was taken as the prothrombin
reagent. It was suspended in 10 ml. distilled water and stored at -17° C. For each
day's experiments, the suspension was thawed and a fresh solution was made by
diluting a small portion with 9 volumes of buffer.
Kinase. Concentrated thrombokinase, prepared from plasma globulin.'8
Thrombin. The thrombin used was prepared as previously described."8
Crude globulin. Crude plasma globulin, after removal of fibrinogen by heating at
510 C."'
Lipoid thromboplastin (Lipid). That fraction of bovine brain, soluble in ether but
not in acetone; 10 per cent suspension.'7 A similar preparation, containing both cephalin
and lecithin, was used by Eagle.' Ferguson's8 studies showed that clotting activity
occurred in several of Folch's subfractions of crude brain cephalin. The possibility that
true cephalin is a potent thromboplastin was left open. In a study of lung phosphatides,
Cohen and Chargaff' reported that the "lecithin" and "cephalin" fractions showed
approximately equal clotting activity. Leathes and Mellanby'3 reported that brain
lecithin, but not brain cephalin, potentiated thrombokinase. Such considerations made
it desirable to use a rather complete lipoid thromboplastin for the present work.
Trypsin. Dialyzed stock solution of crystallized trypsin.'7
The methods were those described previously.' When prothrombin was activated in
the presence of ionic calcium, the relative thrombin values were derived by dividing
3,000 by the observed clotting time. But for activation in the presence of oxalate it was
necessary to use a set of empirical curves; for the speed of clotting was not precisely
proportional to the amount of thrombin under these conditions. With concentrated
thrombokinase, the activation of prothrombin could not be expected to stop upon
admixture with oxalated fibrinogen, although it would be retarded by the usual four-
fold dilution. The error is slight when the clotting times are short in comparison with
the activation times.
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The same prothrombin suspension at the same dilution, the same stock of thrombo-
kinase, and the same stock of lipoid thromboplastin were used throughout this work.
The activation mixtures contained prothrombin in the dilute state-about one-sixth of
the prothrombin concentration of normal plasma. Prolonged activation of this diluted
prothrombin under a variety of conditions did not yield significantly more thrombin
than that indicated by the tables. The experiments of any one table were run in
parallel, at the same time; and within any one table, the experiments are closely
comparable on a quantitative basis.
The Complementary Action of Thromtbokinase
and Lipoid Thromtboplastin
Figure 1 illustrates an experiment in which the same amounts of
prothrombin and calcium were included in all tests. In the test with both
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FIG. 1. Test system: prothrombin and cal-
cium. With added thrombokinase and lipoid
thromboplastin together, thrombin was produced
much faster than with twice as much kinase or
twice as much lipid. The activation mixture
represented by the top curve had kinase diluted
1/176 and lipid diluted 1/880.
kinase is the primary, direct activator of
kinase and lipid, thrombin was
produced much faster than
with twice as much kinase
without lipid, or with twice as
much lipid without kinase. The
extra portion of kinase did not
substitute for the missing lipid,
nor did the extra portion of
lipid substitute for the missing
kinase. It is clear that kinase
and lipid have different effects
and that they complement each
other.
Control experiments showed
that kinase plus lipid plus cal-
cium did not produce thrombin.
Figure 1 also shows that
kinase had some effect with-
out added lipid. But without
kinase, lipid plus calcium did
not activate the prothrombin
at all. This suggests that
prothrombin, whereas the lipid
exerts an accessory effect provided that kinase is also present.
The experiment shown in Figure 1 did not quite eliminate the possibility
that the lipid only magnified the effect of the thrombin without actually
causing its faster production. In the experiment reported in Table 1, the
lipid did not make the thrombin clot fibrinogen faster, i.e., it did not magnify
the effect of the thrombin. Finally, it must be remembered that the amount
of thrombin found at any one time is a net value-the total amount of
thrombin produced, minus that which has been lost through inactivation or
side reactions. It is concluded that the lipid accelerated the net production
z
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of thrombin, and that this was not a spurious effect attributable merely to a
shift in the thrombin assays.
In brief, thrombokinase activated prothrombin in the presence of calcium
ions, whereas lipoid thromboplastin did not. Lipoid thromboplastin
accelerated production of thrombin when the system contained not only
prothrombin, but also calcium ions and thrombokinase.
TABLE 1
A TEST FOR THE EFFECT OF LIPOID THROMBOPLASTIN ON ASSAYS FOR THROMBIN
Mixtures Timze after mixing
0.8 ml. 0.1 ml. 0.1 ml. 0.1 ml. 10 min. 20 min. 40 min.
sec. sec. sec.
Buffer Thrombin Buffer Ca 79 78 82
d "
46 Lipid 1/20 " 85 83 82
Figures in the body of the table give clotting times of 0.1 ml. samples mixed with
0.3 ml. oxalated fibrinogen.
Kinase vs. Lipid with regard to Calcium and Oxalate
Some clotting effects are augmented by the addition of calcium ions; and
some of these effects are strongly opposed by oxalate or citrate. The present
experiments deal with such easily demonstrable effects. Whether some of
TABLE 2
ACTIVATION OF PROTHROMBIN BY VARYING AMOUNTS OF KINASE, IN THE
PRESENCE OF 0.01 M OXALATE
Actizvation mixtures Period of activation
0.7 ml. 0.1 ml. 0.2 ml. 0.1 ml. 10 min. 20 min. 40 min. 80 min. 160 min.
sec. sec. sec. sec. sec.
Buffer Prothrombin Oxalate Kinase undil. 61 37 24 18 14
it it it IS '2 1ll 57 35 23 16
it "6 "6
it Y4 224 118 61 37 23
St it it It I/8 480 240 136 66 37
"4 "4 "19 "1040 535 285 155 71
"1 "4 " " f 2040 1380 655 340 152
"4 Buffer " Kinase undil. 1500 1380 1500 ... 1380
The stock solution of potassium oxalate was 0.057 M. Serial two-fold dilutions of kinase in buffer.
Figures in body of table give clotting times of 0.1 ml. samples mixed with 0.3 ml. fibrinogen.
these effects involve an equilibrium with organically bound calcium, and
whether tightly bound calcium is important even in the presence of oxalate,
are not of immediate concern. It is first important to know which effects
obviously require ionic calcium, and which reactions can proceed in the
presence of oxalate.
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The activation of dialyzed prothrombin by dialyzed thrombokinase
proceeded in the presence of 0.01 M oxalate, as shown in Table 2. Table 3
shows that the concentration of oxalate could be varied over a fourfold
range without affecting the rate of activation. In all these tests, the ionic
TABLE 3
ACTIVATION OF PROTHROMBIN BY A CONSTANT AMOUNT OF KINASE IN THE
PRESENCE OF VARYING CONCENTRATIONS OF OXALATE
Activation mixtures Period of activation
Buffer Prothrombin Oxalate Kinase 10 min. 20 min. 40 min. 80 min.
ml. ml. ml. ml. sec. sec. sec. sec.
0.8 0.1 0.1 0.1 135 84 55 43
0.7 " 0.2 " 134 92 51 40
0.5 " 0.4 " 133 81 50 39
The stock solution of potassium oxalate was 0.057 M, having an ionic strength of
0.171. The ionic strength of the buffer was 0.174. Serial two-fold dilutions of kinase in
buffer. Figures in body of table give clotting times of 0.1 ml. samples mixed with
0.3 ml. oxalated fibrinogen.
TABLE 4
ACTION OF KINASE IN THE PRESENCE OF 0.5 M OXALATE
Activation mnixtures Period of activation
Pro-
throm-
Oxalate bin Buffer Kinase 10min. 20min. 40min. 80min. 140min. 160min.
ml. ml. ml. ml. sec. sec. sec. sec. sec. sec.
0.5 0.1 0.3 0.1 220 115 100 105 70
it 0.1 0.4 0.0 n.c. n.c. n.c.
it 0.0 0.4 0.1 2220 2220
For these tests 1.0 M oxalate: 0.1 M phosphate was used, making the activation
mixture 0.5 M with respect to oxalate and 0.05 M with respect to phosphate. The
ionic strength of the activation mixtures was 1.73. n.c. = no clot in 1 hour. Figures
in the body of the table give clotting times of 0.1 ml. samples mixed with 0.3 ml.
oxalated fibrinogen.
strength was practically constant, within the range 0.170-0.174. However,
when the concentration of oxalate was raised to 0.5 M for the experiment
shown in Table 4, the ionic strength became ten times as great, 1.73. Never-
theless, the kinase still activated prothrombin. The second test in Table 4
shows that the high ionic strength did not cause activation of the prothrom-
bin in the absence of kinase. The last test, like the last in Table 2. reveals
that the kinase preparation alone caused very slow coagulation of the
23YALE JOURNAL OF BIOLOGY AND MEDICINE
fibrinogen, and that this effect was too small to interfere with the tests. It
may be noted that 0.5 M oxalate is 25-50 times as much as is ordinarily
used to prevent coagulation of whole blood.
Figure 2 shows that the early rate of thrombin production, in the
presence of 0.01 M oxalate, was directly proportional to the amount of
added kinase. This is consistent with the hypothesis that thrombokinase is
an enzyme.
Although the reagents were dialyzed, it may still be suspected that
0.01 M oxalate was not really an excess. Therefore, it should be reported
that all the oxalated mixtures
of Table 2 and Figure 2 re-
mained clear until the end of
the experiment. Then a small
amount of calcium chloride
was added; and all mixtures
formed a dense white cloud.
Thus, during the experiment,
there had been enough oxalate
to produce a heavy precipitate,
but there had been a lack of
ionic calcium.
It may be suspected that the
experiments did not allow
enough time for the oxalate to
bind the calcium. But the time
allowed was much longer than
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FIG. 2. Test system: prothrombin and oxalate.
The early rate of thrombin production was
directly proportional to the amount of added
thrombokinase.
that in which oxalate must act on whole blood to prevent the usual 5-10-
minute coagulation. Moreover, it has been shown previously'8 that kinase
can activate prothrombin continuously for seven hours at room temperature
in the presence of excess oxalate.
Why, then, is ionic calcium ordinarily so important for the production of
thrombin? Figure 1 shows that when the kinase is dilute and the test
reagents partially purified, lipoid thromboplastin greatly accelerates the net
rate of thrombin production. As has been reported elsewhere, the accessory
thromboplastins so far studied do not exert this effect unless ionic calcium
is present. This applies alike to brain lipid, to platelets, and to the accessory
thromboplastin found in the globulin fraction of slaughter-house plasma."8
It is likely that accessory thromboplastic action plays a very important r6le
in the clotting of whole blood. For this r6le, ionic calcium is needed.
With the present preparations of prothrombin and kinase, the system
becomes very sensitive to the addition or omission of calcium ions whenever
an accessory thromboplastin is also included. When there is no difference,
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with or without calcium ions, this is taken as an indication that the system
is free of accessory thromboplastins of the type so far studied. Such a
conclusion is valid only when the kinase-prothrombin system is known to
respond to added thromboplastin plus calcium.
Table 5 shows that the addition or omission of calcium chloride made
very little difference in the activation of prothrombin by kinase. At the end
ofa half-hour, the mixtures were adjusted to have the same calcium concen-
tration for the thrombin tests; 30 seconds later, the critical thrombin assays
were performed. Within the limits of error, as much thrombin had been
produced in 30 minutes without added calcium plus /2 minute with calcium,
as had been produced by the control mixture in 30/2 minutes with calcium.
TABLE 5
SHOWING THAT CALCIUM CHLORIDE HAS LITTLE EFFECT ON THE
ACTIVATION OF PROTHROMBIN BY THE KINASE REAGENT
Activationmixtures Incubated Added Thenincubated
0.7ml. 0.1 ml. 0.1 ml. 0.1 ml. 30 min. 0.1 ml. /2min. 5 min. 10 min. 20 min.
sec. sec. sec. sec.
Buffer Prothrombin Ca Kinase Buffer 42 42 38 34
id id Buffer " Ca 46 42 37 31
Figures in the body of the table give clotting times of 0.1 ml. samples mixed with
0.3 ml. fibrinogen. No samples were taken during the first 30-minute incubation period.
The subsequent thrombin assays were performed to show that the mixtures
were not completely activated at the time of the critical tests, and hence the
critical tests measured the amount of thrombin produced in a definitely
known time. Since the rate of thrombin production was not materially influ-
enced by the addition of calcium ions, the presumption is that neither the
prothrombin nor kinase contained enough accessory thromboplastin to
influence the present tests.
The foregoing experiment was arranged so that no correction was
required for the effect of calcium on the thrombin assays. However, previ-
ous experiments"8 have shown that even when this consideration was
deliberately neglected and no correction made, the difference, with and
without calcium, was not great.
In summary, lipoid thromboplastin and ionic calcium were neither abso-
lutely necessary (Fig. 2, Tables 2-5) nor together sufficient (Fig. 1) for
the activation of prothrombin. Thrombokinase was necessary (Fig. 1) and
sufficient (Fig. 2). Although lipoid thromboplastin did not perform its
accessory function without ionic calcium,18 thrombokinase activated pro-
thrombin in the presence of excess oxalate.
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Quantitative differenices
In the experiments of Tables 6 and 7, the concentrations of prothrombin
and calcium were constant throughout. In Table 6, the tests had a constant
amount of lipid, but varying amounts of kinase. With the four largest
amounts of kinase, activation was too fast to permit estimation of the early
rate from the five- or ten-minute thrombin assays. For the remaining six
tests, covering a 32-fold range of variation in concentration of kinase, the
amount of thrombin produced in ten minutes was directly proportional to
TABLE 6
ACTIVATION OF PROTHROMBIN BY VARYING AMOUNTS OF KINASE
WITH CONSTANT AMOUNT OF BRAIN LIPID
Activation mixtures Period of activation
0.7 ml. 0.1 ml. 0.1 ml. 0.1 ml. 0.1 5 min. l min. 20min. 40min.
sec. sec. sec. sec.
Buffer Prothrombin Lipid 1/20 Ca. Kinase undil. 31 22 17
1/2 33 23 18
1/4 39 23 20
1/8 48 32 23
1/16 64 42 31
1/32 77 45 33
1/64 128 77 51
1/128 310 177 106
1/256 1020 505 263
1/512 3600 1980 780
Buffer >3600 >1800 1200
Serial two-fold dilutions of kinase in buffer. Calcium was added 30 seconds before
kinase; and activation was timed from the addition of kinase. Figures in the body of
the table give clotting times of 0.1 ml. samples mixed with 0.3 ml. oxalated fibrinogen.
the amount of kinase. This linear relation is illustrated graphically in
Figure 3a. The largest amount of kinase plotted in Figure 3a is & as great
as the largest amount in Figure 2. This is, in part, a reflection of the fact
that the present preparation of kinase is much more effective in the presence
of lipid and calcium.
The last test of Table 6 shows that some thrombin was produced, very
slowly, when no kinase was added. This is attributed to the presence of a
small amount of kinase in the prothrombin reagent. Similar tests have
been used in this laboratory to estimate the varying magnitude of such
contamination in different prothrombin preparations.
Table 7 shows tests with constant kinase and varying lipid. Great
variations in the amount of added lipid made little difference in the amount
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TABLE 7
PRODUCTION OF THROMBIN IN THE PRESENCE OF VARYING AMOUNTS OF BRAIN LIPID
WITH CONSTANT AMOUNT OF KINASE
Activation mixtures Period of activation
0.7ml. 0.1 ml. 0.1 ml. 0.2ml. 10 min. 20 min. 40 min. 80min. 120min. 420min.
Buffer Prothrombin Lipid 1/10 Kinase + Ca.
'4
Is id 1/20 "
1/40
1/80
1/160
" 1/320
" 1/640
1/1280
1/2560
Buffer
sec. sec. sec. sec. sec. sec.
64 37 29 24 22 19
56 35 30 24 23 19
53 39 27 25 23 20
56 40 30 27 24 21
64 45 38 30 28 21
80 55 41 32 28 21
108 67 43 38 30 21
145 90 64 47 34 23
210 138 82 48 42 22
560 280 152 78 56 22
"Kinase + Ca," added as a single reagent, was a mixture ofequal parts of 0.0275 M Ca and a A dilution
of kinase. Figures in body of table give clotting times of 0.1 ml. samples mixed with 0.3 ml. oxalated
fibrinogen.
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FIG. 3a. Test system: prothrombin, calcium,
thrombokinase, and lipoid thromboplastin. The
early rate of thrombin production was directly
proportional to the amount of kinase, but not to
the amount of lipid.
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of thrombin ultimately produced. The rate of thrombin production was
determined by, but was not proportional to, the amount of added lipid. This
relationship, for the last seven tests, is illustrated graphically in Figure 3a,
where it offers a sharp contrast to the "varying kinase" line.
The first three tests in Table 7 show that there was an optimal amount of
lipid. Further increase beyond this led to a slightly slower rate of thrombin
production. The other end of the scale is particularly interesting, because a
sharp acceleration was caused by lipid in a dilution of 1/2560 x 1/11, cor-
responding to approximately 3.6 micrograms per ml. of activation mixture.
Similar patterns of results were obtained when crystallized pancreatic
trypsin was substituted for thrombokinase, as illustrated in Figure 3b. The
TABLE 8
HEAT LABILITY OF KINASE
Activation mixtures Period of activation
0.7 ml. 0.1 ml. 0.1 ml. 0.1 ml. 0.1 ml. 10 min. 20 min. 40 min. 80 min.
sec. sec. sec. sec.
Buffer Prothrombin Oxalate Oxalate Kinase 134 92 51 40
"I
di di is Heated kinase n.c. 3600 1800 840
it "4 Lipid 1/20 Ca. Kinase 32 22 18 15
di it "9
id Heated kinase 600 300 157 91
it is "4
id Buffer n.c. n.c. 2400 1020
Kinase heated in water-bath at 60° C. for 15 minutes. The stock oxalate was 0.057 M.
n.c. = no clot in one hour.
chief difference was that, without added lipid, trypsin had more effect than
the kinase preparation. The "varying lipid" curve covered the range of the
four smallest amounts used in the experiment of Table 7. The concentration
of trypsin ranged between 0.068 and 0.544 micrograms per ml. of prothrom-
bin activation mixture. In this range, the early rate of thrombin production
was directly proportional to the amount of trypsin.
Trypsin could also substitute for thrombokinase in that trypsin activates
prothrombin in the presence of oxalate. All this is in harmony with the
hypothesis that thrombokinase is an enzyme. (Cf. Eagle and Harris.!)
To what extent the "varying lipid" lines are curved because of the
mechanism of the lipid effect, and to what extent the curvature might be due
to an anticoagulant contaminating the lipid, must be left for future study.
Disregarding theoretical details, the experimental facts can be sum-
marized simply. With the present materials, the early rate of thrombin
production was directly proportional to the amount of thrombokinase; it
was not directly proportional to the amount of lipoid thromboplastin.
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Heat lability
Morawitz' pointed out that his thrombokinase was heat-labile. Table 8
shows that thrombokinase derived from slaughter-house plasma is heat-
labile. More than 90 per cent of the activity was lost within 15 minutes at
600 C. Nevertheless, some activity could still be detected in the heated
kinase, when tested either in
160 SEEDED the presence of oxalate or in
WITH KINASE the presence of lipid and cal-
120- V1/0, cium.
z f
co 80 / /, _fw Howell"1 reported: "The
o aqueous solution of the phos- 0000
oo/ t / /phatid may be boiled without
40- I//10,00 { NOT SEEDED injury to its thromboplastic
activity." It was found that the
a 4 8 12 16 20 24 lipoid thromboplastin used
MINUTES OF ACTIVATI ON here retained practically all its
160 activity when heated at 700 C.
SEEDED WITH LIPID l/110 for 15 minutes. Higher tem-
I20 /iioo peratures were not tried.
z
81/2 20/o '/o00 Nolf' showed that the ap-
S 80 parent heat-lability of a clot- o
40Of%/ / / ting factor varied considerably 40-/ /,/ NOT SEEDED with the circumstances; and
the experiments of Morawitz'
o - _ 00 4 8 12 16 20 24 leave questions for further
MINUTES OF ACTIVATION study. Platelets offer an exam-
FIGS. 4a and 4b. Test system: crude globulin ple of the pitfalls encountered.
and calcium. Seeding with thrombokinase ob- Washed platelets can replace
literated the latent period; seeding with lipoid
thromboplastin did not. Figures on the chart brain lipid in the present test
give the final dilutions of the seed materials system. But, in contrast to in the activation mixtures., * x
brain lipid, platelets lose much
of their acceleratory activity in 10 minutes at 700 C." Whether this
represents a loss of Howell's thromboplastin or a loss of some addi-
tional platelet factor is not yet clear. Although Howell proposed that
some heat-labile materials could function like his cephalin prepara-
tions, he recognized no heat-labile factor functioning according to the
Morawitz concept of thrombokinase. In fact, he denied that such a factor
existed.
Thus, heat-lability is not a good criterion for distinguishing thrombo-
kinase from accessory thromboplastins. These factors must be classified
according to their respective actions in the clotting system.
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The Presumptive Two-Stage Test for Prokinase Activator
With the purified materials now at hand, and with the present methods,
the production of thrombin is never appreciably faster than at the start,
as illustrated in Figure 1. However, when crude globulin is incubated with
calcium, detectable thrombin is produced only after a latent period, as
illustrated by the "not seeded" curves of Figures 4a and 4b. Then the
amount of thrombin increases along an S-shaped curve, which often rises
more sharply than the ones illustrated.
It is apparent that the latent period is concerned with a reaction which
takes place before thrombin is produced. By separating the components of
the crude globulin, and by incubating calcium with the activator components
in one tube, and with the prothrombin in another tube, it has been shown
that the relevant preliminary reaction occurred in the activator system and
not in the prothrombin. The preliminary reaction has been interpreted as
the activation of prothrombokinase, and a detailed three-stage analysis has
been used to study this reaction.'6
Three-stage analyses demonstrating the effects of thrombokinase1' and
lipoid thromboplastin'7 have already been reported. However, the com-
plexity of the procedure has made it advisable to describe the effects in
terms of a simpler, though less rigorous, test.
If the latent period in the two-stage test is concerned with the activation
of prothrombokinase, then any factor that activates the prokinase should
obliterate the latent period, if added in sufficient quantity. As shown in
Figure 4a, kinase shortened the latent period at a dilution of 1/110,000 and
obliterated the latent period when seeded in larger amount. Comparison
with the data in Table 6 reveals that the largest amount of seed kinase
could not have exerted much effect by directly activating prothrombin. The
seed kinase apparently accelerated the development of more kinase from the
crude globulin. This is consistent with the hypothesis that kinase activates
prokinase, but other interpretations are possible.
Although the lipid also shortened the latent period, it did not reduce it
to less than four minutes, as shown in Figure 4b. The general effect was to
increase the slope and raise the height of the curves, with less of a shift to
the left. Here, the conclusions are limited by the finding of an optimum at
a 1/220 dilution of lipid. As the amount of lipid was increased beyond the
optimum, the latent periods became longer.
The results with the two-stage presumptive test do not eliminate the
possibility that lipoid thromboplastin is a direct activator of prothrombo-
kinase; but neither do they support that view. Although more complicated
interpretations may be entertained, the results are in accord with the view
that thrombokinase activates prothrombokinase.
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DISCUSSION
The foregoing results can be formulated in terms of factors, all of which
had been named by 1912:
Basic Clotting Mechanism Accessory Factors
Kinase Ca++, and ?
1. Prokinase - > Kinase
Kinase Ca++, and rPlatelets
2. Prothrombin - *> Thrombin Thromboplastin Lipid
Thrombin 1"Globulin"
3. Fibrinogen - > Fibrin
In this system all three basic reactions are enzymatic, and all three precur-
sors are associated with the plasma globulins. Morawitz'9 in 1905, Mellanby"
in 1909, and Dale and Walpole' in 1916 recognized with increasing empha-
sis that thrombokinase could be obtained from plasma. The concept of the
precursor, prothrombokinase, has evolved from that introduced in 1912 by
Collingwood and MacMahon.' The concept of accessory thromboplastins is
derived from those of Nolf' and Howell."0l In 1942, Tagnon" described a
plasma derivative that activated prothrombin in the presence of oxalate.
The history of these developments will be reviewed elsewhere.
The present results have shown that thrombokinase can activate pro-
thrombin without the help of either calcium ions or accessory thrombo-
plastins. On the other hand, lipoid thromboplastin and calcium cause little
or no thrombin production without thrombokinase.
The kinetics of prothrombin activation,16 and the effect of varying the
amount of kinase are quite consistent with the view that thrombokinase is
an enzyme. So is the fact that trypsin can replace thrombokinase, giving
results that follow the same pattern.
Ferguson and Erickson7 were perhaps the first to describe the comple-
mentary effects of trypsin and brain lipid. They further proposed, in 1939,
to look for "thromboplastic enzymes" as part of the physiological clotting
mechanism. Subsequently, Ferguson, Travis, and Gerheim8' brought forth
evidence that a "thromboplastic enzyme" occurred in plasma protein
fractions. Recently, Travis and Ferguson's reported that their enzyme
preparations potentiated platelet thromboplastic action. They expressed
some doubt that the relevant plasma factor was identical with the enzyme,
plasmin. Notwithstanding some differences in interpretation, many of the
experimental data from their laboratory and from this one have been
mutually confirmatory.
In this laboratory also, it has been found that there are two comple-
mentary groups of factors which accelerate production of thrombin. Within
each group, one material can replace another. Thrombokinase and trypsin
appear to be direct activators of prothrombin. Platelets, brain lipid, and a
globulin factor (slaughter-house plasma) belong in the complementary
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group of accessory thromboplastins. It may be noted that both thrombo-
kinase and accessory thromboplastin are independently represented in the
globulin fraction of slaughter-house plasma. That is to say, there are at
least two "globulin factors" that accelerate production of thrombin. One of
them functions as thrombokinase, the other as accessory thromboplastin.
As yet, the hypothesis proposes no mechanism for the action of the
accessory factors. Neither does it state that they impinge directly on the
corresponding basic reaction. It is only known that they influence the net
observable result of the basic reaction.
Calcium is known to influence the activation of crude prothrombokinase.16
This activation follows the course of an autocatalytic reaction. Acceleration
of this conversion by a minute amount of kinase is another indication of
autocatalysis. The presumptive tests reported here demonstrate that this
acceleration can easily be detected with a simple two-stage procedure.
SUMMARY
1. Thrombokinase, as obtained from the plasma globulins, has been
contrasted with thromboplastin, as found in the brain lipids.
2. Thrombokinase and thromboplastin proved to be distinct factors,
with complementary functions. With the two factors together, thrombin
was produced much faster than with twice as much of either factor alone.
3. Thrombokinase alone was sufficient for the activation of prothrom-
bin. Neither lipoid thromboplastin nor ionic calcium was absolutely
necessary. Thrombokinase activated prothrombin in the presence of excess
oxalate.
4. Lipoid thromboplastin and calcium together were not sufficient for
the activation of prothrombin. Thrombin was produced very slowly, if at
all, unless thrombokinase was included. Lipoid thromboplastin behaved as
an accessory factor in that it accelerated production of thrombin, provided
that thrombokinase was present.
5. Although ionic calcium had little effect on the activation of pro-
thrombin by thrombokinase, it was very important for the accessory
function of lipoid thromboplastin. By these principles, it was shown that
both the prothrombin and the thrombokinase preparations were practically
devoid of accessory thromboplastin of the type studied.
6. The early rate of thrombin production was directly proportional to
the amount of thrombokinase; it was not directly proportional to the
amount of lipoid thromboplastin.
7. Trypsin could be substituted for thrombokinase in systems contain-
ing prothrombin, thromboplastin, and calcium; and the early rate of
thrombin production was directly proportional to the amount of trypsin.
Trypsin also could be substituted for thrombokinase in the presence of
excess oxalate.
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8. Thrombokinase lost most of its activity within 15 minutes at 600 C.
Practically all the activity of lipoid thromboplastin remained after 15
minutes at 70° C. But heat-lability is not a good criterion for distinguishing
thrombokinase from all accessory thromboplastins.
9. Thrombokinase, in minute amount, obliterated the latent period in a
presumptive two-stage test for prokinase activator. Lipoid thromboplastin
did not obliterate the latent period.
The foregoing results are consistent with a theory which, as yet, is limited
to factors which had been named by 1912. The theory offers an historical
perspective, and the results provide an experimental basis for the considera-
tion of proposed new factors.
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